Purpose: To evaluate the quality of three-dimensional (3D) CT angiography images of the abdominal viscera with small focal spot, low tube voltage, and iterative model reconstruction technique (IMR). Materials and Methods: Seven patients with suspected disease of the pancreatobiliary system had undergone CT with high-quality CTA protocol in the present study. There were 5 men and 2 women, ranging in age from 52 to 80 years (mean: 64 years). Results: Depiction of abdominal small artery, small portal vein was possible in all cases. In two cases that we were able to compare, it was superior to standard CTA in small vascular depiction in CTA made clearly in high quality protocol. Conclusions: Although the use of small focal spot, low tube voltage, and IMR can produce higher-quality images of abdominal vessels than standard CTA, this improvement is not significant at elevated radiation doses.
Introduction
Medical three-dimensional (3D) angiography imaging can be conducted using a variety of techniques, including computed tomography (CT), magnetic resonance imaging (MRI), ultrasonography (US). Of these, 3D CTA uti-lizes data with the highest resolution to provide highest image quality and is therefore the most commonly used technique. Reliable 3D CTA rendering of the vascular anatomy of the abdomen aids tumor resection and laparoscopic surgery. An optimal 3D CTA image has a combination of the laparoscopic view and preoperative or intraoperative images. However, the capabilities and limitations of CTA have not been well characterized for the evaluation of diseases that involve small and very small arteries. Very small arteries are defined here as intraabdominal arteries with an average diameter of ≤ 1 to 1.5 mm, which is similar to that of intracranial arteries [1] . For example, present methods provide poor-quality depiction of hepatic sub segment and cystic arteries.
Abdominal CTA using a large field of view (FOV) provides inferior resolution compared to intra-arterial digital subtraction angiography (DSA). Therefore, sub-millimeter branches are relatively difficult to visualize on CTA due to their small diameter. This might be due to both mall veins and small arteries being difficult to depict by CTA, which hampers the definitive identification of small vessels [1] .
Here, we discuss recent advances in CTA imaging techniques and 3D visualization of the abdomen, including scanning and image-reconstruction techniques.
Materials and Methods

Patients
Seven patients with a suspected abdominal disease underwent abdominal MDCT with high-quality CTA protocol in the present study. There were 5 men and 2 women, ranging in age from 52 to 80 years (mean: 64 years). Informed consent for participation in the study was obtained from each patient or guardian as part of the protocol approved by the Institutional Clinical Subpanel on Human Studies at our university hospital.
Image Acquisition-High-Quality 3D CTA Imaging
CT data are acquired using a 256-slice multi Detector CT system (Brilliance iCT; Philips Medical Systems, Eindhoven, the Netherlands)and a protocol for high-quality CTA imaging of the abdomen using small focal spots, low tube voltage (100 kVp), and iterative model reconstruction techniques. Scanning is performed using a pitch of 0.60, a 0.75-sec scanning time per rotation, a table speed of 64.1 mm/rotation and detector configuration of 0.625 × 128 mm, 100 kVp, and 230 or greater mAs depending on the size of the patient ( Table 1) . Contrastenhanced 3D CTA scans are conducted using a power injector (Auto Enhance A-50; Nemoto-Kyorin-Dou, Tokyo, Japan). During CTA, contrast medium (nonioniciodinated contrast medium: iodine concentration 350 mg I/ml) is injected at a rate of 4 ml/sec via a 20-gauge plastic IV catheter placed in an antecubital vein. The total volume administered is 630 mgI/kg, including 20 ml of saline (NaCl 0.9%), via flush injection. Images for each phase are obtained in the craniocaudal direction using a bolus-triggered technique with the cursor placed in the aorta and threshold set to 200 HU. The arterial phase is initiated 8 sec after a 200 HU aortic enhancement time. The portal venous and hepatic venous phase CT scans are obtained at 28 and 40 sec after the arterial phase scan, respectively [2] . 
Image Post-Processing and Interpretation
CT data for each phase were retrospectively reconstructed with iterative model reconstruction (IMR) at 0.625-1.25-mm slice thickness per section. Raw data were automatically transferred to a workstation (ZIOSTATION2; Ziosoft, Tokyo, Japan) in a 512 × 512 pixel format via Ethernet. The 3-or 4-phase source two-dimensional CT images were reviewed and analyzed for 3D CTA reconstruction using the workstation.
Results
High-quality CTA protocol was performed for all patients enrolled in the study. Two cases were performed in standard protocol CT in this within a half year. Depiction of abdominal small artery, small portal vein was possible in all cases (Figures 1-3) . In two cases that we were able to compare, it was superior to standard CTA in small vascular depiction in CTA made clearly in high quality protocol (Figure 1) .
(a) (b) Figure 1 . A 57-year-old woman with intraductal papillary mucinous neoplasm (IPMN). Two CT examinations were performed on follow-up every three months. The first was a standard CT scan (large focal spot, 120 kVp, FBP reconstruction), and the second a high-quality CT protocol scan. (a) CT arteriography from standard CT protocol; and (b) CT arteriography from the high-quality CT protocol using same opacity curve. High-quality CT arteriography (b) clearly shows the small subsegmental hepatic arteries of the liver and other small abdominal viscera artery branches. Visibility and sharpness of very small abdominal arteries were improved with high-quality CT arteriography. 
Discussion
The recent introduction of MDCT scanners for abdominal imaging has enabled the acquisition of optimal dynamic images with high temporal and z-axis resolution. MDCT also enables the comprehensive evaluation of CTA data. In abdominal vessels, 3D CTA is now a suitable diagnostic procedure for disorders of the aorta and major aortic branches, and 3D CT portography and venography are effective in depicting hepatic portal venous anatomy [2] [3]. Our high-quality CTA protocol produced higherquality vessel images than a standard CT scan (large focal spot, 120 kVp, FBP reconstruction), and using this protocol, imaging of sub-millimeter branches might also be possible (Figures 1-3) . The size of the focal spot is a critical parameter in many X-ray imaging systems, including projection radiography and CT. Many CT tubes have two focalspot sizes, often referred to as "small" and "large". To produce X-ray images with minimum blur, a small focal spot is preferable, and CT is an example of a setup where a small focal spot is preferable for producing a high-detail image with high spatial resolution. Conventionally, body structures for which good low-contrast resolution is essential require scanning with a large focal spot and high power, whereas high-resolution images with thin slices require a small focal spot. The recent advent of high-output X-ray tubes for MDCT scanners has enabled an increase in the upper limit of mA for small focal spot sizes [4] [5] . Regarding CT scans, automatic exposure control systems (AECs) have become increasingly common. However, AEC does not have a system that guarantees a similar intensity to that of the large and small focal spots. We therefore coordinated tube current according to patient size.
CT images are a display of the degree of attenuation that has occurred when the X-ray beam penetrates the body, an effect known as the linear attenuation coefficient. Measurement of the density of this attenuated beam is assigned a CT number (HU), which is related to this linear attenuation coefficient. The kVp selection has a direct effect on these linear coefficient values. Lowering the peak kilovoltage setting (80 -100 kVp) is an effective method of reducing radiation dose while also increasing vascular enhancement, as the attenuation of iodine-based contrast agents increases with reduced X-ray energy distribution due to the high relative atomic number of iodine and the k-edge in these energy levels [6] .
Recently, several manufacturers have introduced new CT reconstruction algorithms based on iterative rather than traditional filtered back-projection (FBP) reconstruction. Iterative reconstruction (IR) algorithms provide better image quality than FBP on CTA, mostly due to reduced image noise and thus improved contrast to noise ratio (CNR) [7] . These observations suggest that IR algorithms may be more efficient than FBP, and manufacturers have proposed that they decrease radiation dose. These observations suggest that IR algorithms might reduce the dosage more efficiently than FBP reconstruction, while also maintaining equivalent image quality. However, the conventional IR method is a hybrid, in which the IR and FBP techniques are combined.
In contrast, IMR is a new and full IR technique. IMR method is the newest IR method and is required to ensure complete reconstruction. Further, this method provides greater noise reduction than hybrid IR and improves both spatial and contrast resolution [8] . The IR method is also very effective in reducing noise with low tube voltage settings as well as radiation dose exposure.
High-quality 3D CTA imaging opens up the possibility of aligning true and detailed anatomical information of the abdominal vascular system with spatial data provided by MDCT.
Conclusion
Although a small focal spot, low tube voltage, and use of IMR techniques can produce higher-quality images of abdominal vessels than standard CTA, this improvement is not significant at elevated radiation doses.
